Antimicrobial liquids and foams were applied to the hands to determine their virucidal activity against rhinoviruses. Dilute solutions (1%) of iodine in ethyl alcohol or in water were most effective in causing inactivation of rhinovirus when applied immediately after viral contamination. Iodine also had a residual virucidal activity which persisted on the hands for up to 1 h. Less effective inactivation of rhinovirus was observed with foams containing 0.23% hexachlorophene and 58% ethyl alcohol and another containing 0.2% benzalkonium chloride and 50% ethyl alcohol. Ethyl alcohol alone or in a mixture with benzyl alcohol was the least effective preparation tested.
Persons with rhinovirus colds contaminate their hands and objects in their environment with nasal secretions containing the infecting virus (1, 6, 8) . Under experimental conditions, susceptible volunteers acquire virus on the fingers from contact with contaminated hands and, in turn, infect themselves by self-inoculation of the nose or eye (5) . If this sequence of events is important in the natural spread of rhinoviruses (4) , it might be possible to develop means of interrupting viral spread by the hand contact/self-inoculation route. One approach would be to apply virucidal compounds to the hands of infected individuals and/or their contacts. Although mechanical removal of virus from the hands can be achieved by washing with soap and water, this is not always practical. Also, hand washing cannot be tested in double-blind experiments designed to detenmine if hand contact/self-inoculation is an important natural route of rhinovirus spread.
The purpose of the current investigation was to evaluate compounds which, when applied to the hands in small amounts, might inactivate virus on the skin surface. A method was developed to artificially contaminate hands and then measure viral inactivation after treatment with virucidal liquids and foams. Compounds which were found to be effective under these conditions will later be tested for their ability to interrupt spread of experimental and natural infection. Hand preparations. The preparations selected for testing are shown in Table 1 . A volume of 1.0 ml of a liquid or a 3-cm-diameter sphere of foam was applied to each hand in all experiments.
MATERIALS AND METHODS

Virus
Viral contamination followed by application of virucidal preparation. Before each experiment, the hands of a volunteer were washed thoroughly with soap and water and then dried with paper towels. When the volunteer's hands were used for multiple experiments, washing was done between experiments. The fingertips of both hands were then contaminated with 0.3 ml of virus. Virus was spread over the fingers by gentle rubbing. After the fingertips had air-dried, compounds were applied, vigorously rubbed over the hand, and allowed to dry completely. The fingertips of each hand, up to approximately the second joint, were then separately rinsed into a sterile petri dish with a total of 2.5 ml of beef heart infusion broth with 1% bovine serum albumin per hand. A 1-ml amount of the rinse was recovered and added to 1.0 ml of collecting broth with antibiotics. An infectivity titration of a 0.1-ml sample of the rinse was performed in WI-38 cell culture tubes. As a control, the viral contaminated hands of the same volunteer were sampled after no treatment and/or after treatment with 1 ml of water per hand. Application of virucidal preparation followed by viral contamination. Following the demonstration of an effective immediate virucidal action of iodine solutions on skin contaminated with rhinovirus, studies were done to evaluate the residual virucidal activity of these compounds. The test preparation was applied first, and after varying intervals of time, the hands were contaminated with virus and then sampled. The methods of sampling and culture were the same as those described above except that after the 0.1-ml sample of the hand rinse was obtained for an infectiv- ity titration, the remainder of the 2.0 ml of the undiluted rinse was inoculated equally into four WI-38 cell culture tubes.
Procedure for removal of toxicity from specimens. The liquid hand preparations tested in the experiments exhibited no toxicity to the cell cultures when samples of hand rinses were directly inoculated into WI-38 cells. The foam preparations produced cytotoxicity and, therefore, a technique of high-speed centrifugation was used to recover virus from the hand rinse sample. A 1-ml amount of the hand rinse was diluted with 4.0 ml of HBSS and centrifuged at 150,000 x g for 3 h at 4°C. The supernatant was discarded, and the button was resuspended in 1.0 ml of collecting broth to reconstitute the original volume before centrifugation. Infectivity titrations were performed with this material. Control samples, using measured amounts of virus in collecting broth, showed no loss of infectivity with this procedure.
RESULTS
Viral contamination followed by application of virucidal preparations. The infectivity titer (50% tissue culture infective dose
[TCID5o]) of the type 39 rhinovirus pool used to contaminate the hands varied between 105.5 and -1065/ml. When fingertips of the contaminated hands were cultured after no treatment, the titers of recovered virus ranged from 1020 to 104 TCIDso/ml (geometric mean titer [GMT], 103-) ( Table 2 ). After treatment with 1 ml of water, viral titers ranged from 101.5 to 104 0 TCID5o/ml. The GMT after water treatment was 10265 TCID5o/ml.
A total of 19 tests were conducted with 70% ethyl alcohol. Virus was not eradicated in any of these experiments. The GMT was 10" TCID5o/ml, a 100.7 reduction from that measured with water treatment. In an additional 16 exper- 10. b Virus was detected in one of two tubes inoculated with this dilution.
cLog1o TCID5o/ml. GMT, Antilog of sum total of samples x their respective log titers/total of all samples. In this investigation, selected virucidal compounds were evaluated by a method developed for testing preparations which were applied to the hands. The ideal compound for this use would be safe and nonirritative to skin after multiple applications and would have both immediate and prolonged residual virucidal activity, thus circumventing the need for mechanical removal of virus by frequent washing.
One percent iodine was the most effective of the compounds tested, showing both immediate and residual activity against type 29 rhinovirus. Virucidal activity of iodine has been recognized (2, 3), and its effectiveness against rhinovirus, when applied to the skin, is not surprising. The practicality of using hand preparations containing iodine is questionable, however, because of skin staining and the occasional occurrence of hypersensitivity (2, 3, 9) . The iodine solutions can be used to conduct double-blind experiments in families to evaluate the importance of hand contact spread of rhinovirus. A placebo prepared from 2% food coloring and 0.01% iodine plus 0.02% potassium iodide had no virucidal activity and was indistinguishable from the active solution in color, skin staining, and odor. The staining property of iodine solutions, while a disadvantage for their ultimate practical use, does provide a way of assessing compliance when tested under field conditions.
Of the other preparations tested, only combinations of hexachlorophene and ethyl alcohol in foam and benzalkonium chloride and ethyl alcohol in foam showed substantial inactivation of rhinovirus on the hands. While ethyl alcohol alone is known to have some activity against hydrophilic or nonenveloped viruses (7, 11) , its effect against rhinovirus, as shown in the current study, is limited. Hexachlorophene is insoluble in water (10) , and its effect against hydrophilic viruses when used alone is unknown. Benzalkonium chloride is a markedly lipophilic compound which is ineffective against hydrophilic viruses (7) . The reason for the relatively good rhinovirucidal action of foams containing either of these two compounds combined with ethyl alcohol is unknown. There is the possibility that a synergistic virucidal effect was produced by the combination of the compounds. Although a remote possibility, the mechanical effect of the breaking foam may have enhanced the virucidal activity of the ethyl alcohol.
Up to the present time, little work has been done to evaluate virucidal activity of compounds on the hands. If future epidemiological studies indicate that hand contact/self-inoculation is an important way in which rhinovirus colds spread, virucidal hand preparations should receive further investigation as a way of controlling these infections. The amount of rhinovirus involved in transmission of infection may not be large (5) , and application of compounds with even moderate virucidal activity to the hands may be sufficient to interrupt the chain of transmission at this point. Safe and effective hand preparations can probably be developed for this use.
